Introduction
As shown in Fig. 1 , there are many volcanoes in the Izu Islands, located in the south part of Central Japan, above the subduction zone of the Philippine Sea (PHS) plate. IzuOshima and Miyake Island Volcanoes have erupted in the last 20 years. Kozu Island Volcano, also one of the Izu Islands Volcanoes, has no record of eruption for 1100 years since a large eruption in 838. As Kozu Island Volcano is mainly constructed of Rhyolite magma, eruptions would be destructive (Taniguchi, 1977) . In the eruption in 833, almost all villages on Kozu Island were completely destroyed.
Because Kozu Island is located on the PHS plate, Kimata et al. (1994) indicated GPS measurements on Kozu Island in 1989 as one site of the Izu Islands GPS Campaigns to measure the convergence vector of the PHS plate (Seno et al., 1993) . GPS measurements were made on other Izu Islands such as Hachijo and Miyake Islands. Displacement velocities detected from the campaigns show a good consistency with the convergence mode at the Hachijo GPS site, but a discrepancy at the Kozu Island site.
Earthquake swarms have been observed in and around the Kozu Island almost every year since 1989. Earthquakes of magnitude 5 have occurred and have caused some damage in the island.
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Current in this region, the tidal observations suggest an uplift of 2-4 cm/yr for the last 10 years (HDMSA, 1999) . Large uplifts are also observed by GPS measurements at GSI Kozu site (Polonska et al., 1996) .
We started GPS measurements of the local network in 1966 on Kozu Island to measure local deformation and volcano deformation (Kimata et al., 1999) . In this paper we discuss the pressure source responsible for the ground deformation that was detected by the GPS measurements.
Measurements
Before our GPS Campaign, three continuous GPS stations existed, two by Geographical Survey Institute (GSI, 1999a) and one by Nagoya university. Because of limited commercial electric supply, the continuous stations are located only on the west coast area of the island. We set 11 benchmarks for the GPS network between July 1996 and August 1998 (Kimata et al., 1999) . The locations of the GPS sites are shown in Fig. 1 .
We have repeated GPS measurements at the network seven times: July 1996, January and November in 1997, August 1998 and February and August in 1999. In this paper we did not analyze the data in February 1999, so we skip over the result from February 1999. Measurements are collected during 12 hours observation sessions once or twice for each site with Trimble 4000SSi receivers. Sometimes accesses to the sites are impossible due to the road collapses.
The continuous GPS station by GSI (GSI station in Fig. 1 ) is fixed as the reference site in the period July 1996 to August 1999. Because of the short distance (less than 5 km between the benchmarks) on Kozu Island, we processed the GPS data with an L1-only solution. We used Trimble software and the IGS precise orbits. Figure 2 shows the coordinate changes at the Akasaki and Meishi sites observed by our GPS measurements through the period. It is clear that both sites are shifting eastward with respect to the GSI site with speeds of 3.3 cm/yr at the Akasaki site and 2.0 cm/yr at the Meishi site most constantly with time (Kimata et al., 1999) . Figure 3 shows the horizontal vectors at the stations with respect to the GSI site for each campaign. From Fig. 3 , the inflationary deformation is prominent on the Kozu Island amounting to 2-4 cm/yr (2-4 × 10 −5 /yr) in the northern part of the island.
Pressure Source
The Mogi solution (Mogi, 1958 ) is effective at estimating the location and magnitude of the pressure source from ground deformation observation. In our case, we calculate the horizontal displacements with respect to the GSI site. However the GSI site is not stable. Horizontal vectors of 2-3 cm/yr toward the west are detected from GPS measurements between Kozu Island and the Tokai region (Kimata et al., 1999; GSI, 1999b) . These horizontal vectors are composed of two deformation sources. One of the deformation sources is the convergence of the PHS plate, and the other is local deformation within the island.
Kimata et al. (1999) estimated the local deformation at the GSI site as a residual of the displacement vector observed by GPS measurements and calculated by the plate model (Seno et al., 1993; Kotake et al., 1998) . The local deformation is a vector of 42 mm/yr with direction of N44W. However, Tabei et al. (1999) suggests that the convergent vector of the PHS plate is episodic in the plate boundary region based on GPS measurements at Zenisu Reef. As shown as in Fig. 1 Zenisu Reef is located 50 km south of Kozu Island and 50 km from the plate boundary. In this paper, the horizontal vectors at GPS sites in the island, V are calculated as a following equation,
V obs is the displacement vector observed at the sites with respect to the GSI site, and V calGSI is the displacement vector at the GSI site calculated from the Mogi solution. We search for the location and magnitude of the pressure source that minimizes the residual of the vectors estimated from the model and V . Figure 4A shows the location of the estimated pressure source. The pressure source is estimated to be located 4 km northeastward of the GSI site at a depth of 2.1 km in the period August 1998 to August 1999. It is located under the northeast part of the island. We also show the station vectors observed and calculated from the source in Fig. 4A . The horizontal velocity at the GSI site is in general agreement with the result by Kimata et al. (1999) . Figure 5 shows the vertical ground deformation observed and calculated from the pressure source model according to the distance from the source. Uplifts observed at the Gravity changes in the Kozu Island in the period January to September in 1999 by Kobayashi et al. (1999) . Gravity changes at the GSI station is fixed. Although a pattern of an uplift is apparent in the north part of the island, vertical movements are 10-20 mm at the sites. The large errors of vertical movements, are due in part to the different observation periods of these measurements, and also the large measurement error caused by tropospheric delay. A moderate earthquake (ML: 4.7, Depth; 4.5 km) occurred in the northern part of the island on March 14, 1999. The location of the hypocenter is plotted in Fig. 4 as a star. Focal mechanism detected by seismological observation indicates a left lateral fault. In Fig. 4 , residuals of the observed and calculated horizontal vectors show the left-lateral displacement stretching northeast-soutwestward from the epicenter. We are preparing to discuss a discussion of the coseismic displacements of the earthquake. According to the Earthquake Research Institute (ERI, 1999) , the seismicity is active and many epicenters converge in the northeast part of the island at a depth of 1-5 km. Figure 4B shows the gravity changes on Kozu Island during the period from November 1998 to July 1999 (Kobayashi et al., 1999) . The location of the maximum change more than −30 microgal is coincident with the pressure source determined from the GPS data. We calculate on the horizontal location of uplift more than 70 mm from the Mogi solution of the GPS displacement, which is consistent with the gravity change.
Conclusion
We established a local GPS network with 12 stations on Kozu Island Volcano and repeat the GPS measurements about every six months since July 1996 to measure volcano deformation. Inflationary ground deformation of 2-4 cm/yr is detected in the network through the GPS campaigns. A pressure source is estimated to be located in the northeast part of the island at a depth of 2.1 km from a Mogi solution of the deformation data. The solution shows the good consistency with the uplift movements of 2-4 cm/yr observed at Kozu port by tidal observation (HDMSA, 1999) and GPS measurements by GEONET at the GSI site. Earthquake swarms also are observed frequently in and around the island during the period. Kobayashi et al. (1999) observed negative gravity changes of more than 30 microgal in the northeast part of the island with respect to the GSI site. Inflationary deformation or a magma intrusion model does not explain the negative gravity changes. Although Kozu Island Volcano has no record of the eruption for the late 900 years, the activity at the volcano may be increasing.
